In the tropics, the water potential of a region cannot be adequately assessed from precipitation alone due to the seasonal character of rainfall and even more so owing to the changing climate scenario. It is therefore necessary that in any agro-climatological program, there must be a clear understanding of the actual amount of water that evaporates and transpires (AET), and the amount of water that would evaporate and transpire if water were always readily available (PET). This could be done through the method of the water balance. The present work examines the water budget of parts of the Imo river basin and its implications for improved crop production through supplementary irrigation schedules. It was observed, that the study area is already facing moisture-stress. This is because even during rainy months supplementary irrigation is required to compensate for the occasionally moisture deficit due to increased evapotranspiration. The study showed that cultivation of maize, rice and tomatoes can be carried out on an all-yearround basis under a scientific irrigation scheme. Thus the study provided farmers with guideline on the period and quantity of water required for supplementary irrigation, a development which will prevents wilting of plants before the application of needed water.
INTRODUCTION
Over the years, Nigeria has witnessed rapid population growth and this naturally implies that growth in agricultural production including food products must be regularly maintained approximately in equilibrium with the ever growing population. For this to be possible, climatic conditions which are essential input factors for increased food production must be understood given that crops are sensitive to weather conditions both during their early and maturity stages. In addition, the impact of climate variability and climate change is expected to be felt differently at different scales. In relation to food security, the effect of dry spell occurrences during cropping seasons as a result of erratic rainfall patterns results in severe yield reductions in farming systems. In the tropic where rainfed agriculture is dominant, water is a major constraint to agricultural production (Ngigi, 2003) . Moreover, Jackson (1977) has noted that the most common cause of crop death is insufficient water to replace loss by transpiration even when it is a temporary water deficit. A temporal water deficit is fatal to crop development especially during the vegetative and flowering stages of the crops.
The socio-economic consequences of low food crop yields in the tropics usually range from fluctuation in the prices of agricultural commodities to increasing poverty levels. Notwithstanding, it is possible to improve crop productivity even under the challenging conditions of climatic change and variability. One way of achieving this is through a clear understanding of the actual amount of water that evaporates and transpires (AET), and the amount of water that would evaporate and transpire if water were always readily available (PET). This could be done through the method of the water balance bookkeeping. In the technique, attempt is made at providing information on all the aspects of the moisture relationship of an area including soil moisture storage, soil moisture deficits and surpluses, potential and actual evapo-transpiration. Such information is considered significant in agricultural development, monitoring climate change and providing farmers with the knowledge of when and how much water is needed for supplementary irrigation scheduling.
The study was made in an agrarian society and some food crops have been selected for design of supplementary irrigation schedules. These crops are maize, rice and tomatoes which serve as sources of food and income for the teaming population of the study area. These crops are influenced by seasonal variation in rainfall, a condition that may create the need for supplementary irrigation. Unfortunately, majority of the farmers in the study area do not know the amount of water supplied by rainfall during rainy season as to be sure of an estimated amount of water to be added through irrigation to compensate for any deficits. Thus, if irrigation is to be recommended in any part of the study area with the noted changing rainfall pattern, the problem of how much water is to be added and at what 
MATERIALS AND METHODS

Study area
The study was carried out in part of the Imo river basin. These include the Otamiri and Oramirukwa rivers. The area lies within latitudes 04 The combined effects of the tropical continental (cT) air mass which originates in the Sahara desert and blows as the dry northeast trade wind, and the tropical maritime (mT) air mass which originates from the south Atlantic Ocean, in response to the movement of the ITD control the rainfall over southeastern Nigeria. Rainfall decreases from the southern extremity northwards over the study area. There is normally a long rainy season from April to October, with a break in between the rainfall regime. This break is mostly in July or August and is referred to as the August break or the "little dry season". The dry season proper lasts between November and March (Ilesanmi, 1972) . Annual temperature is usually above 27 °C , and increases southwards. Both the mean daily maximum and mean annual maximum temperatures increase from the coast towards the interior because of the moderating influence of the sea.
Data collection
Meteorological data used in this study were collected from the Nigerian Meteorological Agency (NIMET), Federal Ministry of Aviation, Oshodi, Lagos. The data covered a period of 26 years , for the following variables: minimum and maximum temperature, relative humidity, wind speeds, rainfall. Data analyses involved comparisons using the standard Meteorological procedure of means of the selected parameters and the use of statistics. 
Evapotranspiration and soil-moisture storage
Actual evapotranspiration (AET) is derived from potential evapotranspiration (PET), P total , soil-moisture storage (ST), and soil-moisture storage withdrawal (STW). Monthly PET is estimated from mean monthly temperature (T) and is defined as the water loss from a large, homogeneous, vegetationcov ered area that never lacks water (Thornthwaite, 1948; Mather, 1978) . Thus, PET represents the climatic demand for water relative to the available energy. In this study, PET was calculated by using the Hamon equation (Hamon, 1961) :
where PET Hamon is PET in millimeters per month, d is the number of days in a month, D is the mean monthly hours of daylight in units of 12 hrs, and Wt is a saturated water vapor density term, in grams per cubic meter, calculated by:
where T is the mean monthly temperature in degrees Celsius (Hamon, 1961) . When P total for a month is less then PET, then AET is equal to Ptotal plus the amount of soil moisture that can be withdrawn from storage in the soil. Soil-moisture storage withdrawal linearly decreases with decreasing ST such that as the soil becomes drier, water becomes more difficult to remove from the soil and less is available for AET. STW is computed as follows:
where ST i-1 is the soil-moisture storage for the previous month and STC is the soil-moisture storage capacity. An STC of 150 mm works for most locations Wolock and McCabe, 1999) . If the sum of P total and STW is less than PET, then a water deficit is calculated as PET-AET. If P total exceeds PET, then AET is equal to PET and the water in excess of PET replenishes ST. When ST is greater than STC, the excess water becomes surplus (S) and is eventually available for runoff.
Estimating irrigation needs of crops
To ascertain if monthly supplementary irrigation for any of the selected crops is required within the basin, Baier and Russelo (1968) 
Where: IR = supplementary irrigation in mm; PET = potential evapotranspiration (mm); CU = consumptive water need (mm); and R = rainfall (mm).
This equation was adopted in this study. The climate water demand (PET) of the basin was added to the consumptive water use of that month (Cu) and then subtracted from the month's rainfall value. If the rainfall amount for that period does not satisfy both the climatic water need (PET) and crop consumptive water use, irrigation is recommended. Consumptive water uses of the selected crops in the study area are shown in Table 1 .
Irrigation schedule for selected crops in the study area Israelsen and Hansen (1962) suggested that about 40-60% of water consumed by a crop takes place during the flowering stage, while the remaining percentage is shared between the vegetative and harvesting stages, with the vegetative stage utilizing more than the harvesting stage. The authors suggested some ratios of 6:15:4; 7:10:3 and 4:5:3 for obtaining the amount of water needed by maize, rice and tomatoes, respectively, at different stages of their growth. These ratios were adopted in designing the supplementary irrigation schedules in the study area (Tables 2, 3 and 4) .
RESULTS
The mean result of the water balance of the study area Hamon (1961) is presented as Figure 2 . From the figure, it is observable that the study area has an annual precipitation value of 1673.9 mm with marked variation between wet season and dry season precipitation. With a range of 330.3 mm, the lowest precipitation value was recorded in January (4.7 mm) while August witnessed the highest precipitation value of 335 mm. Low values of precipitation are recorded from November up to March with January, December and February having the lowest values of 4.7 mm, 5.6 mm and 6.4 mm, respectively.
It is noteworthy that the monthly precipitation values are more variable than those of potential evapotranspiration. Within the months of high precipitation (May to September), monthly precipitation values are greater than those of potential water needs of crops and consequently soil moisture storage tends to rise reaching saturation point between August and September. October is the first month when the climatic water needs (PET) exceeds the supply of water from precipitation leaving a monthly moisture storage value of 237.3 mm. The months of May and June are the months with considerable soil moisture storage for commencement of planting.
In Tables 2-4 , estimates of irrigation needs per crop stage of growth are presented. Maize has a consumptive water use of 1200 mm and a growing season of 4 months. By considering the length of growth and employing the ratio of 6:15:4 for vegetative, flowering and harvesting stages, approximate amounts of additional water needed for maize cultivation for each stage were estimated as 288 mm in the first month, 720 mm between second and third months and 192 mm in the fourth month, respectively (Table 2 ).
In the case of rice with a consumptive water use of 1000 mm and length of growth of 5 months, using the ratio of 7:10:3, the specific amounts of additional water needed per stage (vegetative, flowering and harvesting) were determined as 350 mm between the first and second months, 500 mm in the third and fourth months and 150 mm in the last month, respectively (Table 3) .
Tomato with a consumptive water use of 600 mm has 90 Figure 2 . Mean values of the water balance components of the study area (mm) P = precipitation; PET= Potential Evapotranspiration; ST= moisture storage; ΔST= Change in storage; AE = Actual Evapotranspiration; DEF= Deficit; Sur= Surplus a growing length of 3 months and a ratio of 4:5:3. The consumptive water use per stage of tomato were determined as 200 mm, 250 mm and 150 mm for vegetative, flowering and harvesting stage, respectively. The uniqueness of tomato in the region is that farmers can carry out cultivation more than twice per annum (Table 4) .
The irrigation schedules for selected crops are presented in Tables 5-7. In the first growing season of maize (from April to July), the month of April has the highest irrigation need, followed by the months of May and June, with irrigation needs (IR) of 300.8 mm, 290.6 mm and 276.9 mm, respectively. July has the lowest irrigation need of 74.9 mm. Total irrigation water need for the first growing season of maize (growing, flowering and harvesting stages) is 943.2 mm. In the second growing season (October to January), a total water need for irrigation is 1523.4 mm. The months of December and January recorded the highest amounts of irrigation water needs of 476.6 mm and 439.3 mm, respectively (Table 5 ).
In the first growing season of rice (April to August), supplementary irrigation is needed in all the months with the exception of August, when the basin attains saturation. April and June recorded the highest amounts of water needs of 187.8 mm and 166.9 mm. The total water need for irrigation for the first growing season is estimated as 592.3 mm. In the second growing season (October to February) a total of 1446.4 mm water is needed for effective rice cultivation spread between growing, flowering and harvesting stages. Within the second growing season, January and December recorded the highest water needs for irrigation of 371.3 mm and 366.6 mm, respectively (Table 6 ).
The irrigation schedule for tomato in the study area as depicted in Table 7 which shows that in the first growing season, April recorded the highest amount of water need. In the second growing season, December recorded highest while in the third growing season February recorded the highest. There is variation in the total amounts of water needed between the three seasons of tomato growing from 460.3 mm (first growing season), 579.8 mm (second growing season) and 895.4 mm for the third growing season. More water, however, is needed during the third growing season. 
DISCUSSION
From the water balance analyses of the study area ( Figure  2 ), the basin has four months of soil moisture recharge (March -July) while saturation point is reached in August and maintained through September. From the months of October to December when monthly values of PET are greater than those of atmospheric water supply (rainfall), water is withdrawn from the basin, paving way for moisture deficit. The study area generally experiences moisture deficit from January to early March with an annual moisture deficit value of 312.5 mm. Some previous rainfall reports have confirmed similar trends in rainfall and soil moisture patterns over southern Nigeria (Olaniran, 1990 (Olaniran, , 1991 Jayeoba, 2011) .
The study also shows that May and June are the months with considerable soil moisture storage to support adequate crop yields. Furthermore, because rainfall is observed to begin in the basin from March, crops planted before the months of May and June may suffer water stress during the vegetative stage due to the pattern of soil moisture shortage. The rainfall of May and June are however considered suitable for plantation as soil moisture storage is adequate for crop use.
Even during the rainy months in the study area, our investigation showed that supplementary irrigation is needed to compensate for the occasionally deficit due to increased rate of evapo-transpiration over the basin. The study has also shown that the cultivation of maize, rice and tomato can be carried out more than once in a year under a scientific irrigation scheme. This confirms results of study by Agele et al. (2013) in southern Nigeria and Araya and Stroosnijder (2011) for the humid tropical environment.
The irrigation schedule for maize in the study area (Table  5) shows that for an effective cultivation of maize with greater yields twice yearly, supplementary irrigation is needed for the two growing seasons especially during the second growing season (from October to January) when the soil moisture storage of the basin is below the basin field capacity of 250 mm.
With the exception of August (Table 6 ), supplementary irrigation is needed for the cultivation of rice in all the months of the first growing season with April and June requiring the highest amount of water. In the month of August, the soil of the basin is already at field capacity and so no additional water is required. However, in the second growing season (October to February) when the soil moisture storage of the basin falls below the field capacity more water is needed for irrigation for effective rice cultivation.
Water is needed in all the seasons and months for effective tomato yields as shown in Table 7 . Variation, however, exists in the amount needed per growing season. January to March (3 rd growing season) are noted as the greatest water demand periods with the first growing season (April -June) having the least need for supplementary irrigation. The period July to September is exempted in the schedule for tomato planting because of the adverse effects of the heavy rains of these months on the tomato fruits.
CONCLUSION
The study has shown that the water potential of a region is the result of interactions between rainfall and the evapotranspiration of the area. The seasonal character of rainfall over the basin with associated changes in soil moisture storage has a lot of implications for effective crop production. As a result, the seasonal fluctuations in the moisture supply of the study area must be understood so as to be able to address the issues of when and how much water is needed for supplementary irrigation in the basin.
The study also showed that even in the rainy months, supplementary irrigation is required in the basin to maintain adequate crop yields and an all-year round cultivation to meet the food needs of the teaming population of the study area.
As temperature is predicted to rise due to global warming, this may result in increased evapotranspiration rate over the study area leading to greater soil moisture deficit and crop water stress (CWS). There is dare need for farmers in the study area to plan for future agricultural operations especially under the increasing weather variability. For example, they can predict without much error, the water need for a growing season and make necessary arrangements in time by way of sourcing for alternative options of providing water for periods of deficit. Furthermore, all-year-round agriculture can be targeted to increase the farmers' income and guarantee constant supply of these essential food crops to the market and thus help eliminate seasonal price fluctuations which tend to characterize food marketing system in the study area.
